The rising of bread and the quality of the baked loaf depend upon the nature of the dough and especially upon such of its properties as tenacity, ductility, and elasticity. These properties are hard to define theoretically in this complex colloidal system, but they are, as we have found, related to viscosity or to whatever may determine the resistance of dough to stirring and to flowing through a tube. Accordingly, experiments have been made to measure what may provisionally be called the viscosity of dough under conditions which reveal the influence of the hydrogen ion concentration and of a variety of electrolytes upon this property. The result of the experiments is proof that in addition to the effect of water content and of the presence of substitutes lacking gluten, the viscosity of dough is much influenced by these two factors. Certain important points in baking practice are explained by these results.
the bath. The paddles are forced through the dough by the fall of 150 gin. through 2 meters. The rate of the falling of the weight is recorded and measures the viscosity of the dough.
FIC. 1.
The turning of the dough inside the viscosimeter is prevented by four equidistant pins. It has been found convenient to attach the pins to a plate rather than to the bottom of the viscosimeter to facili- tate the cleaning of the apparatus. A small pin keeps the plate from turning. The flour is best gathered together with a stirring rod in the beaker into which the various solutions are run. The volume of water, including that containing dissolved electrolytes, added to the flour is recorded in cc. of H20 per 1,000 grn. of flour. The quantity of electrolytes is recorded in tools per 1,000 grn. of flour. The small size of the doughs used in these experiments made it necessary further to work them by hand. This was always done by the same experimenter and for precisely 2 minutes. The solutions of electrolytes of different strength were added with the water.
No great accuracy is possible in carrying out such measurements, first, because a very exact control of the water content is almost impossible without undue expenditure of time, and secondly, because slight differences in the packing of the viscosimeter are not without serious influence. However, the data will show the degree of accuracy of the observations and, as we believe, justify such use of them in drawing conclusions as is at present necessary.
Effect of Hydrogen Ion Concentration upon the Viscosity of Dough.
Our first series of experiments concerns the influence of hydrogen ion concentration upon the viscosity of dough prepared from four different flours. Differences of reaction were produced b y the addition of solutions of hydrochloric acid and sodium hydroxide and estimated with the help of the concentration cell. The varied character of the four flours is indicated by the difference in the water content of their approximately isoviscous doughs.
The results clearly show that a single measurement of viscosity possesses no great significance (Table I and Fig. 2 ). Nevertheless it is evident that with variation in hydrogen ion concentration viscosity passes through a minimum a little on the acid side of pH 5. Jessen-Hansen 1 has found pH 5 to be the best hydrogen ion concentration in bread making and it is also, as we have observed, the most favorable reaction for tlle rising of dough. 1Jessen-Hansen, H., Compt. rend. tray. Lab. Carlsberg, 1911, v, no. 10 .
Effect of Salts upon the Viscosity of Dough.
The second series of experiments concerns the influence of certain salts upon the viscosity of dough (Tables II and III These experiments show that the addition of a small amount of salt to dough tends to diminish viscosity. As the concentration of the salt increases, however, there is commonly, and probably with sufficiently high concentration always, a later rise in viscosity. Among the salts which we have studied the sulfates of sodium and magnesium have the most marked effect. In these cases it is sufficient to handle the dough in order to note a certain "slackness" or diminished firmness.
Effect of Salts upon the Viscosity of Dough at Different Hydrogen Ion
Concentrations.
The third series of experiments concerns the simultaneous influence of acid or alkali and salt upon the viscosity of dough. The effect of different concentrations of a salt at two hydrogen ion concentrations is illustrated in Table IV and Fig. 4 ; the effect of the same con- 13 .~ 18.~ 13.5 8.7 9.5 centration of a salt at different hydrogen ion concentrations is shown in Table V and Fig. 5 . These experiments show that the influence of salts upon viscosity is variable with the hydrogen ion concentration. Particu:arly important is the fact that at a more acid range of reaction sodium chloride greatly depresses viscosity while calcium chloride has its effect in a less acid range. The great effect of the sulfates, however, may be recognized over a wide range of reaction.
For the present we shall postpone a discussion of the theoretical bearings of these experiments, which are often obscure, and may best be taken into account in connection with observations upon the properties of gluten soon to be published from this laboratory.
The importance of these results in bread making depends upon their relation to a variety of other facts. First, it has long been known that bread possesses a distinctly acid reaction. This is due to the fact that beginning with an acid dough of hydrogen ion concentration 10 -e N or more, the process of fermentation produces an augmentation of acidity. The observations of Jessen-Hansen in the Carlsberg Laboratory confirm this fact by quantitative measurements ~ 0./,9 0o#~ 0.30 0~6 0.4.~ O. 4,5 0.5"÷ 0.6 Fzo. 4.
and lead their author to the conclusion that about 10-" N hydrogen ion concentration is the most favorable for bread making. Observations of our own (except with a very weak flour) agree with those of Jessen-Hansen. We have also made numerous measurements of the hydrogen ion concentration of bread procured in the market, which are entirely consistent with this view. Second, our studies reported in another paper of the rising of dough and the carbonic acid production during fermentation indicate that the best results are obtained near the point of minimum viscosity. Finally, the favorable results in the baking industry obtained by the use of calcium salts in the absence of acid and of acid in the absence of calcium salts also indicate that it is advantageous to employ dough at a relatively low viscosity, or, speaking more correctly, to reduce whatever quantity of gluten may be present to a condition in which its viscosity is low. As far as our investigations of this and related questions have proceeded, they indicate that in bread making the action of acids, bases, and salts, perhaps with the exception of potassium bromate, is favorable chiefly through the effect upon viscosity. Any influence upon the activity of yeast appears to be a matter of secondary importance.
